


Simple 


AVR Programmer 


for (almost) all AVR microcontrollers 


Design by H.-J. Hanft 


Thanks to their high performance, Flash program memory, integrated 
hardware functions and low power consumption, Atmel AVR 
microcontrollers are becoming increasingly popular, even in the semi- 


professional area. 
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The AVR series of microprocessors is 
based on Flash program memory 
and thus can be easily programmed 
using an SPI interface. The ability to 
reprogram the program memory (up 
to 1000 write cycles) makes these 
devices very attractive for use in the 
semi-professional area. 

The documents and tools that you 
need for programming these micro- 
controllers, such as an assembler 
and debugger, can be obtained free 
of charge from the Internet site 
Wwww.atmel.com. These tools are for 
use with the Windows operating 
system (95/98/NT). You won't find 
any development tools that run 
under MS-DOS here, which is a good 
reason for requiring the programmer 
and associated software to work 
under Windows. 

This simple programmer provides 
an extremely economical starting 
point for developing applications 
that use AVR microcontrollers. In 
designing the AVR programmer, spe- 
cial attention was given to achieving 
an economical, simple and robust 
construction that can cope with 
adverse ambient conditions, such as 
electrostatic discharge, short circuits 
and induced noise. 
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Figure |. Instead of an interface converter, two opamps and a logic gate provide the level conversions between the PC 


and the microcontroller. 


The programmer is connected to 
the computer via an RS232 interface 
using a 1:1 RS232 cable (not a null 
modem!). If you only want to pro- 
gram the Flash memory, no external 
supply voltage is necessary for using 
the equipment. The supply current 


Features 


(a few milliampéres) needed to pro- 
gram a single microcontroller can be 
drawn directly from the serial inter- 
face of the computer. 

The programmer can also be used 
as an in-circuit programmer for pro- 
gramming a microcontroller that is 


The special features of the programmer are: 


— simple, economical and robust construction 


— universal SPI interface, also suitable for other applications 


— programming speed up to 256 baud (depends on PC) 


—can also be used for in-circuit programming 


— no external power supply required 


— ‘low voltage’ indicator warns of insufficient supply voltage 


—all SPI outputs are short-circuit proof and have overvoltage protection 


— maximum regulated output current with an external power supply: 30 mA 


— all SPI inputs and outputs have automatic level adaptation 


— insensitive to electrostatic discharges and induced noise 
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already built into a circuit. In this case, under 
certain conditions it will be necessary to use 
an external power supply. 

The universal programming software is 
implemented as a console application for 
Windows 95, 98, NT, ME, 2000 and XP 


Voltages a la carte 


The essential tasks of the hardware of the 
AVR programmer are generating the voltages 
necessary for programming and converting 
signals from the microcontroller to RS232 lev- 
els and vice versa. The positive supply volt- 
age for the AVR programmer is taken from the 
two signal lines RTS and DTR on the com- 
puter’s RS232 interface (or from a mains 
adapter connected to K3). The voltage on the 
signal lines can range between —5 to —12 V or 
+5 to+12 V. These voltages are ‘ORed’ and 
rectified using diodes D1-D4 and limited to 
around 12 V by Zener diode D5 (just to be 
safe). Resistors R2-R4 provide current limit- 
ing and attenuate interference coming from 
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the RS232 interface. 

In practice, the maximum voltage appear- 
ing at the RS232 interface is normally signifi- 
cantly less than the limiting value of 12 V. 
However, if an external power supply is used, 
you must ensure that the supplied voltage 
does not exceed 12 V. 

The 12-V supply voltage is only used to 
power the opamp. The remainder of the cir- 
cuitry (IC1, a 74HC126) needs a stabilised 
3.6-V supply voltage, which is provided by 
voltage regulator IC5 (MAX666). The output 


COMPONENTS LIST 


Resistors: 

RI,R30-R35 = 10kQ 
R2,R3,R4,R7,R8,RIO,RI6 = 10Q 
R5,R6,R9,RI2,RI5,RI9-R22 = 100kQ 
RII = 270kQ 


RI3 = 120 

RI4 = 180kQ 
RI7 = 220kQ 
RI8 = 120kQ 
R23...R26 = 100Q 
R27,R29 = 470Q 
R28 = 4kQ7 


Capacitors: 
C1,C3,C5,C7,C8,C10,C11 = 100nF 
C2,C4,C6,C9 = l0uF 16V radial 
C12 = IpF 16V radial 

C13,Cl4 = 22pF 


Semiconductors: 
D|-D4,D7,D9-D24 = BAT85 
D5,D8 = zener diode 12V 500mW 
D6 = zener diode 5V6 500mW 
D25 = LED, red, high efficiency 


TI = BC557 
T2 = BSI70 
ICI = 74HC126 
IC2 = TLO82 


IC3 = 20-way ZIF socket 
IC4 = 40-way ZIF socket 
ICS = MAX666CPA or -EPA 


Miscellaneous: 
JPI = 3-way pinheader with jumper 
KI = 9-way sub-D plug (male), angled pins, 
PCB mount 
K2 = 14-way boxheader 
K3 = mains adaptor socket 
XI = 2.4576MHz quartz crystal 
PCB, order code 010055-1 
Disk, project software, 
order code 010055-1 I 
(see Readers Services page) 


PCB layout and project software available as 
free downloads from 
www.elektor-electronics.co.uk 
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voltage of this regulator set to 3.6 V 
using the formula 


R14 = R15 (Voyr + 1.30 V - 1). 
Resistor R13 sets the maximum out- 
put current of the regulator accord- 
ing to the formula 


R13 = (0.5 V) + Igy. 


Here the maximum current is around 
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30 mA. Since the maximum current 
that can be drawn from the RTS and 
DTR lines is around 10 mA, you can 
increase the value of the resistor to 
33 Q if you have no intention of using 
an external power supply. 

The negative supply voltage for 
the opamp is taken from the TxD 
line, whose voltage in the quiescent 
state lies between —5 V and -12 V 
and is thus particularly suitable for 
this purpose. The negative voltage is 
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Figure 2. All components are located on a single-sided printed circuit board (avail- 
able ready-made) The two ZIF sockets, the jumper, the LED and the in-circuit- 
programming socket belong on the bottom side. 
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limited to -12 V by D7. 

The MAX666 measures the input 
voltage via the voltage divider 
R11/R12. The output of the voltage 
monitor, pin 7 (LBO = Low Battery 
Output), becomes active if the volt- 
age given by the formula 


R11 = R12 (Vparr + 1.30 V-1) 


drops below the minimum value. 
This signal (open drain) is converted 
to an RS232 signal (DSR) by opamp 
IC2b and evaluated by the software 
for the AVR programmer. The soft- 
ware ensures that an adequate volt- 
age is always available. An external 
power supply may be needed for 
programming EEPROMs (depending 
on the PC used), but it is not neces- 
sary for programming AVR micro- 
controllers. 

When you are handling the micro- 
controller, the stabilised voltage from 
the MAX666 must be disconnected 
from the socket. This task is looked 
after by the software via the DTR 
line, with the help of the two switch- 
ing transistors T2 (BS107) and T1 
(BC557). RC network R27/C12 delays 
switching off the voltage in order to 
maintain the voltage needed to 
erase the chip (Chip Erase) during 
the Reset pulse. Resistor R35 quickly 
discharges the residual voltage once 
the supply voltage for the microcon- 
troller has been switched off. 


From TTL to RS232 


and vice versa 

The microcontroller TTL signal MISO 
is converted to an RS232 level and is 
then called CTS. Here, instead of the 
usual MAX232, we use an opamp 
(IC2a) wired as a comparator, exactly 
as for the previously described con- 
version of LBO to DSR. This is not 
only less expensive, it also allows 
specific reference (threshold) volt- 
ages and a switching hysteresis to 
be set. For in-circuit programming in 
particular, this quite important, since 
the AVR microcontroller supply volt- 
age provided by the target circuit 
can vary over a range of 2.7 to 6.0 V. 
The relevant formulas are 


Usa = Uef- R1/ R17 (Uig = Uamin) 


Uoff = Uret — R1/ R17 (Uir — Uamax) 
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Figure 3. You can also make do with a 24-pin socket... 


for the switch-on and switch-off lev- 
els and 


Uret = Vec R19 / (R19+ R18) 


for the reference voltage. Naturally, 
the same thing applies to IC2b. 

The conversion of the signals 
DTR, RTS and TxD into the corre- 
sponding signals RESET, MOSI and 
SCK is implemented using IC1 
(74HC126). The four output signals 
(RESET, RESETN, MOSI and SCK) are 
enabled by a High level on the DTR 
line. Excessive voltages on the IC 
inputs are reduced to the proper 
level by two clamping diodes and a 
current-limiting resistor on each 
input. 

For the driver outputs, two clamp- 
ing diodes also provide overvoltage 
protection, which is of considerable 
importance when using a long flat- 
cable for in-circuit programming. 


As is only proper with a good pro- 
grammer (and as shown by the com- 
ponent layout in Figure 2), all com- 
ponents are mounted on the printed 
circuit board, including all of the 
sockets for: 


—a mains adapter, 
— a 1:1 RS232 cable to the PC and 


—in-circuit programming (K2). 

Naturally, zero insertion force sockets for 20- 
pin and 40-pin DIL packages are provided for 
the microcontrollers to be programmed. They 
must be fitted to the bottom side of the cir- 
cuit board. This also applies to K2, the LED 
and jumper JP1. 20-pin ZIF sockets are prac- 
tically unavailable, but a 24-pin model works 
just as well, as can be seen in Figure 3. The 
extra pins can simply be allowed to ‘dangle’ 
in the air. 

The circuit board is printed on only one 
side (which makes it less expensive), so sev- 
eral wire bridges are necessary. Fitting the 
remainder of the components to the board 
does not need any explanation. 


AVR programmer software 


The software includes all of the settings and 
functions necessary for serial programming 
of the microcontroller: 


— choosing the COM interface, programming 
mode and programming speed 

— reading, writing and verifying the program 
memory (Flash memory) 

- reading, writing and verifying the inte- 
grated EEPROM (not present in all AVR 
microcontrollers) 

— erasing the memory (Flash and EEPROM) 

— setting the Lock bit 


The settings and functions can be specified 
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either directly as command parameters or as 
parameters in a command file 
(AVR.PROG.COM). The file generated by the 
AVR assembler or compiler in the Atmel-spe- 
cific ‘Generic Hex Code’ can be used directly 
to program an AVR microcontroller. Table 1 
lists the parameters needed for programming. 

The following is an example of calling the 


AVR programmer software in a com- 
mand line: 


C:\AVR_PROGRAMMER/AVR_PROG 
/COM1 /WRF(dice.hex,, ) 


This causes the file dice. hex to be 
programmed into the Flash memory. 


Optionally, supplementary start and 
end addresses for the programming 
can be specified. However, this is 
not necessary unless only part the 
program memory is to be written. 
Should the program memory 
already be written, the ERASECHIP 
function must be first executed. In 


Function parameters Description 


/RDF(file name, start address, end address) 
/RDFLASH (file name, start address, end address) 
/READFLASH (file name, start address, end address) 


Reads the Flash memory of the AVR microcontroller and stores the data in a file. 





/WRF (file name, start address, end address) 
/WRFLASH (file name, start address, end address) 
/WRITEFLASH (file name, start address, end address) 


Writes data from a file to the Flash memory of the AVR microcontroller. 





/VYF (file name, start address, end address) 
/VYFLASH (file name, start address, end address) 
/VERIFYFLASH(file name, start address, end address) 


Compares the data in the Flash memory of the AVR microcontroller with the data in a file. 





/RDEEP(file name, start address, end address) 
/RDEEPROM(file name, start address, end address) 
/READEEPROM(file name, start address, end address) 


Reads the EEPROM memory of the AVR microcontroller and stores the data in a file. 





/WREEP(file name, start address, end address) 
/WREEPROM(file name, start address, end address) 
/WRITEEEPROM(file name, start address, end address) 


Writes data from a file to the EEPROM memory of the AVR microcontroller. 





/VYEEP(file name, start address, end address) 
/VYEEPROM(file name, start address, end address) 
/VERIFYEEPROM (file name, start address, end address) 


Compares the data in the EEPROM memory of the AVR microcontroller 
with the data in a file. 




















/RDDC 

/RDDEVICECODE Reads the device code of the AVR microcontroller. 

/READDEVICECODE 

la E th ies of the AVR mi troller (Flash and EEPROM 
/ERASECHIP rases the memories of the microcontroller (Flash an Ne 

/SLBI 

/SETLBI Sets Lock Bit | of the AVR microcontroller. 

/SETLOCKBITI 

/SLB2 

/SETLB2 Sets Lock Bit 2 of the AVR microcontroller. 

/SETLOCKBIT2 

/WAIT(x) Interrupts the processing of the commands for x milliseconds (0 < x < 60000). 
/BREAK Interrupts the processing of the commands. Pressing any key causes processing to resumes 


with the next command. 


Setting parameters Description 












































/COMx Specifies the COM Port interface. x = 1-8 (default x = 1) /SCK(x) 
/SCK(x) Specifies the programming speed. x = |—12 (default x = 7) 

(MODES) w= 0. vATSOS. mode (dealt) x= | — ATBSS... mode 

/+MOSI Sets positive logic for the MOSI signal. (default) 

/-MOSI Sets negative logic for the MOSI signal. 

/+MISO Sets positive logic for the MISO signal. (default) 

/-MISO Sets negative logic for the MISO signal. 

/+RESET Sets positive logic for the RESET signal. (default) 

/-RESET Sets negative logic for the RESET signal. 

/+TESTVCC Enables verification of the supply voltage prior to programming. (default) 
/-TESTVCC Disables verification of the supply voltage prior to programming. 
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Figure 4. The software (Windows console application) for the programmer. 
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this case, the command line to call the pro- 
gram looks like this: 


C:\AVR_PROGRAMMER/AVR_PROG /COM1 
/EC /WRF(dice.hex,,) 


It is also possible to specify supplementary 
start and end addresses for data comparison. 
This results in a function call having the fol- 
lowing form: 


Cs \AVR_PROGRAMMER/AVR_PROG /COM1 
/VYF(dice.hex,0x20,0x2F) 


The microcontroller EEPROM can be pro- 


grammed in a similar manner. 
(010055-1) 
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